INTRODUCTION
============

Androgen deprivation therapy (ADT) for prostate cancer (PC) was first introduced decades ago.[@B1] The efficacy and timing of this therapy for various stages of PC has been investigated by many researchers. In the current National Comprehensive Cancer Network (NCCN) or EAU-ESTRO-SIOG guidelines, ADT is typically reserved for advanced PC.[@B2][@B3] Men who received delayed ADT had more symptoms and were more likely to die from PC. However, immediate initiation of ADT improved survival in patients with metastatic PC.[@B4] Immediate ADT as an adjuvant therapy after radical prostatectomy (RP) for node-positive PC showed improved survival.[@B5] However, the effect of ADT on node-negative PC is still unclear. In localized PC, men who received primary ADT for PC did not exhibit improved overall survival (OS) over those receiving conservative management.[@B6] Otherwise, ADT afterlocal curative treatment offers benefits, especially in high-risk PC. In a recent systematic review, early ADT had benefits for PC patients with short PSA doubling times and high Gleason scores.[@B7] Nevertheless, data regarding optimal timing of ADT as a salvage treatment is still limited, despite various suggested regimens. Moreover, although early ADT could delay biochemical and clinical disease progression, the effect of early ADT on survival is still unclear.[@B8] In this study, we investigated efficacy of early salvage ADT (SADT), or ADT that was initiated before PSA levels reached 0.5 ng/mL, from nadir in non-organ confined PC following RP. We analyzed the impact of SADT on survival outcomes.

MATERIALS AND METHODS
=====================

After approval by the Institutional Review Board (No. 4-2017-1206), we retrospectively investigated PC patients who underwent RP within the Yonsei University Health System between 1998 and 2014. We included lymph node-negative, non-organ confined PC patients after RP and who received ADT as a salvage treatment. Non-organ confined PC was classified as T3 or 4 N0 PC after RP. Salvage treatment was defined as ADT or radiotherapy that was provided after PSA elevation from the recorded nadir PSA level after RP. We considered adjuvant therapy to be ADT orradiotherapy provided in the absence of an observed PSA elevation after RP. Patients who received neo-adjuvant or adjuvant therapy were excluded. Patients with metastatic PC at diagnosis and lymph node-positive PC were also excluded. The type and timing of SADT was determined by physician\'s discretion. Patient\'s age, body mass index (BMI), prostate volume measured by trans-rectal ultrasonography, PSA level, risk classification, PSA doubling time, and pathological outcomes were assessed as clinical and pathological variables. The D\'Amico risk classification[@B9] was used for risk assessment. PSA doubling time was calculated by comparing PSA level at initiation of SADT and the last PSA level measured before SADT was initiated. Data on mortality and cause of deathwere obtained from Yonsei Cancer Registry Center database at Yonsei University Health System. TNM stage was determined according to the American Joint Committee on Cancer, 8^th^ edition.[@B10]

We defined early SADT as ADT that was initiated before a change inPSA level reached +0.5 ng/mL over the nadir PSA level recorded after RP. We defined late SADT as ADT provided after PSA level increased more than 0.5 ng/mL over the nadir PSA level. Distant metastasis was defined as metastasis to bone, non-regional lymph nodes, or other sites as reported by radiological evaluation. We defined PC-specific mortality as death caused by PC or PC-related complications.

Cox regression analyses were performed to investigate associations between each clinical parameter and survival. All statistical analyses were performed using SPSS Statistics software version 23.0 (IBM Corp., Armonk, NY, USA).

RESULTS
=======

In total, 345 patients who underwent RP and received SADT contributed to this study. Basic characteristics of this cohort are displayed in [Table 1](#T1){ref-type="table"}. The median age was 67 years, and the median BMI was 24.2 kg/m^2^. Initial median PSA level was 10.9 ng/ml. A PSA level above 20 ng/ml was reported in 62 patients (18.6%). Two-hundred sixteen (216) patients (62.6%) were considered high-risk PC patients as classified using the D\'Amico risk classification. After RP, 259 (75.1%) patients had T3a PC, while the remaining 24.9% of patients were T3b or T4 PC. A Gleason score above 9 was observed in 52 patients (15.1%) after RP. A positive surgical margin was recorded for 261 patients (75.7%). Most SADT was performed using a luteinizing hormone-releasing hormone (LHRH) agonist with or without anti-androgen agents. SADT by anti-androgen only was provided in only 45 patients (13.0%).

In the univariable and multivariable Cox regression analyses for distant metastasis-free survival (DMFS), a Gleason score ≥9 was significantly associated with DMFS (hazard ratio \[HR\] 4.145, 95% confidence interval \[CI\] 2.008--8.555), as shown in [Table 2](#T2){ref-type="table"}. Salvage radiotherapy was also associated with DMFS (HR 0.450, 95% CI 0.220--0.918). Early SADT was significantly associated with improved DMFS (HR 0.108, 95% CI 0.037--0.310). The analysis of PC-specific survival (PCSS) is shown in [Table 3](#T3){ref-type="table"}. A high Gleason score was associated with PCSS (HR 7.549, 95% CI 2.193--25.983). Early SADT was also associated with improved PCSS (HR 0.098, 95% CI 0.012--0.776). Although salvage radiotherapy was only marginally related to PCSS in the univariable analysis (p=0.056, HR 0.301, 95% CI 0.087--1.034), it was associated with improved PCSS in multivariable analysis (HR 0.276, 95% CI 0.080--0.949). In Cox regression analysis for overall survival (OS), OS was associated with older age (HR 1.129, 95% CI 1.057--1.205), higher Gleason score (HR 2.134, 95% CI 1.030--4.423) and early SADT (HR 0.355, 95% CI 0.169--0.747), as shown in [Table 4](#T4){ref-type="table"}. Collinearity had minimal impact on variables. The variance inflation factor grew from 1.035 to 1.158.

DISCUSSION
==========

This report suggests an impact of early SADT on survival in patients with non-organ confined PC. In this study, early SADT was associated with improved DMFS, PCSS and OS. Current guidelines recommend ADT after RP in node-positive PC.[@B2] Messing et al.[@B11] reported that immediate ADT after RP and pelvic lymphadenectomy improved OS and PCSS. Nevertheless, especially in node-negative PC, the effect and timing of ADT after RP has remained controversial. Adjuvant ADT showed improvements in PCSSand systemic progression-free survival after RP in a study reported by Siddiqui et al.[@B12] However, they reported that the benefits of ADT were lost in the salvage setting. In another study, adjuvant ADT had positive impacts on biochemical progression-free survival and PCSS in T3bN0 PC, but did not show a positive effect on OS.[@B13]

ADT as a salvage treatment method is still under investigation with regard to its impacts and optimal timing. Moul et al. investigated the effect of early ADT after RP for PSA recurrence. They suggested that early ADT could delay clinical metastasis of PC, but only for advanced PC where the Gleason score was \>7 or that PSA doubling time was less than 12 months. They defined "early" ADT as therapy initiated before clinical metastasis was confirmed.[@B14] The primary end point of that study was clinical metastasis, not OS or PCSS, which might be a limitation. Taguchi et al reported that SADT provided before reaching PSA levels of 0.2 ng/mL could delay biochemical recurrence.[@B15] However, this study included a relatively small cohort and could not demonstrate a benefit of early SADT for OS or PCSS.

In another study reported in 2016 by Duchesne et al,[@B16] SADT initiated immediately after a PSA relapse significantly improved OS compared with delayed SADT. They investigated 293 men with PC. Immediate SADT showed better 5-year OS than did delayed SADT (86.4% vs. 91.2%) and did not exhibit differences in treatment-related adverse events. However, this study included patients with PC after variable local therapy, including RP and radiotherapy, and patients without local definite treatments due to patient\'s age or comorbidity. These inclusions may have affected the study\'s results.

In previous studies, early SADT in high-risk patients with short PSA doubling time or high Gleason score improved survival.[@B7] However, its timing remains controversial. In our previous study, we demonstrated the impact of early SADT that was initiated before meeting the clinical definition of biochemical recurrence.[@B17] We suggested that early SADT had benefits in PCSS in non-organ confined PC. However, we did not investigate OS as an end point in that study. Moreover, early SADT initiated before biochemical recurrence was not associated with favorable PCSS. This result might be due to the large number of low/intermediate risk groups and patients with Gleason scores \<8. These baseline characteristics made is difficult to make an association between PCSS and SADT.

In this study, we tried to suggest an optimal cut-off value for early SADT. We proposed this cut-off value based on our clinical experience. We investigatedvarious levels of PSA, and we found that it was challenging to make significant associations between survival and SADT when PSA levels was lower than 0.5 ng/mL. This finding may be related with the indolent course of localized non-metastatic PC.

The advancement of imaging tools used to detect recurrences and metastases could influence early salvage interventions. Prostate-specific membrane antigen (PSMA) positron emission tomography-computed tomography (PET-CT) resulted in a major improvement in patients with biochemical recurrence.[@B18] This modality can detect recurrence or metastases with more sensitivity, thereby potentially reducing incidence of non-metastatic recurrence. This advancements highlight the potential benefits of early SADT as an intervention for metastatic disease.

This study has a few limitations. First, it is a retrospective study with data collected from a single institution. A prospective, multi-institutional, randomized study is needed to confirm our hypothesis. Second, we assumed cutoff values based on our clinical experience, but a statistically determined PSA cut-off level is necessary for more accurate outcomes. Also, we did not analyze castration-resistant prostate cancer (CRPC) that is one of the important stages in PC. We will try to investigate the association between SADT and the development of CRPC in a future study. Last, we did not investigate any side effects of ADT, like cardiovascular disease or diabetes. Physicians should consider these possible side effects when considering SADT.[@B19]

Despite these limitations, we have suggested optimal cut-off values for early SADT that were associated with improved survival. This intervention showed favorable relationships for metastasis and OS. Patients may feel anxious when their PSA level rises, so physicians could consider early SADT as a salvage treatment or radiotherapy is PSA level increases are observed.

In conclusion, early SADT was associated with improved DMFS, PCSS, and OS in non-organ confined PC after RP. Thus, physicians may wish to consider early SADT after RP in patients with non-organ confined PC.
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###### Baseline patient characteristics

![](cmj-56-115-i001)

ADT: androgen deprivation therapy, BCR: biochemical recurrence, BMI: body mass index, IQR: interquartile range, LHRH: luteinizing hormone-releasing hormone, PSA: prostate specific antigen, PSM: positive surgical margin, TRUS: transrectal ultrasonography.

###### Univariable and multivariable analysis of factors associated with distant metastasis-free survival
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ADT: androgen deprivation therapy, BMI: body mass index, PSA: prostate specific antigen, PSM: positive surgical margin, TRUS: transrectal ultrasonography.

###### Univariable and multivariable analysis of factors associated with prostate cancer-specific survival
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ADT: androgen deprivation therapy, BMI: body mass index, PSA: prostate specific antigen, PSM: positive surgical margin, TRUS: transrectal ultrasonography.

###### Univariable and multivariable analysis of factors associated with overall survival

![](cmj-56-115-i004)

ADT: androgen deprivation therapy, BMI: body mass index, PSA: prostate specific antigen, PSM: positive surgical margin, TRUS: transrectal ultrasonography.
